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ABSTRACT

In this study, rice [ Oryza sativa L. cv. Taichung Native 1 (TN1) or cv. Tainung 67
(TNG67) ] were used as test materials to investigate (a) the interaction between
cadmium ( Cd ) and potassium ( K ) deficiency and (b ) the effect of Cd on K uptake in

rice seedlings.

It was found that K deprivation in nutrient solution significantly decreased K
concentration in shoots, leaves, and roots of rice seedlings, and K-deficient rice
seedlings appeared stunting with chlorosis in the second leaves comparing to control
seedlings. H,O; content in leaves and roots of rice seedlings increased under K
deficiency. Similarly, the activities of superoxide dismutase (SOD ) , ascorbate
peroxidase ( APX ) , glutathione reductase (GR ) , and catalase ( CAT ) increased under
K deficiency, whereas the contents of ascorbate and glutathione were not affected.
Imidazole( IMD ), an inhibitor of NADPH oxidase, reduced the increase in H,O, content
and SOD, APX, GR, and CAT activities under K deficiency. IMD is an inhibitor of
NADPH oxidase which catalyzes H,O, generation, suggesting that NADPH oxidase is a
H,O, generating enzyme in K-deficient leaves. Our results also suggest that the increase
in SOD, APX, GR and CAT activities under K deficiency is mediated through H,O,. In
addition, abscisic acid ( ABA ) contents increased in leaves of rice seedlings grown under
K deficiency. Treatment with tungstate, an inhibitor of ABA biosynthesis, also reduced
K deficiency-induced H,O, accumulation and increase of SOD, APX, GR, CAT
activities. These results indicate that H,O, accumulation in the second leaves is related

to ABA under K deficiency.
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For the subsequent Cd treatment, we found that Cd toxicity in K-deficient leaves was
less pronounced than that in K-sufficient leaves, indicating that K deficiency protected
from the subsequent Cd toxicity in rice seedlings. However, K-deficient rice seedlings
didn’t decrease Cd uptake, indicating that the protection of K deficiency from Cd
toxicity in rice seedlings is unlikely due to the reduction of Cd uptake, and is more likely

due to the increased activities of antioxidative enzymes.

We used two rice cultivars, TN1 and TNG67, cultivars with different sensitivity to Cd
stress, to investigate the effect of Cd toxicity on K uptake. TN1 rice cultivar is Cd
sensitive, while TNG67 is Cd insensitive. When rice seedlings were treated with CdCl,,
it was observed that Cd treatment resulted in a significant decrease in K concentration in
TN1, but not in TNG67. In addition, Cd uptake in TN1 was five times higher than that in
TNG67. These results suggest that cadmium toxicity of TN1 seedlings might be resulted
from the decrease in K uptake. Therefore, we applied additional treatment of K and Cd
at the same time to Cd-sensitive cultivar, TN1, and we found that Cd toxicity was
decreased by additional K, which further supports the idea that Cd toxicity of TN1 is a

result of subsequent reduction in K uptake.

Key words : K, Cd, rice
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wie o fade mie ¥ ehpp @R fg(Dangletal., 1996) - At F B A BT HH T o HO,
€N TR VR R E s Flet st £ 3 ehg i s (Luetal., 2009;

Tanou et al., 2009) -

EHFFHLAEAEA AL FEM TR T IELAA T RS Y T
5 J&(Schachtman & Shin, 2007) - 4 #2 3 # T > [P £ 0% At 4o pr > H 8302 H,0,
PR RS ERE SRS e S BEEE AL TG R A2 EH0;

#734 ¥ (Shin & Schachtman, 2004)  F# £ 0% ik § &3 2FH,0, 7 £ e 4 - 77
8



bt S BeE AT e e F A 2 iE e NS EA T
TR R AL R BT E h thE B § M4 5 I % s o
#r 5 (Fernando et al., 1990)> @ & i # 3w 2_ 2L F] & 3> T % :§ H,O0,57%73% #22(Shin
& Schachtman, 2004; Shin et al., 2005) o )42 % 2_nonselective cation channels

(NSCC) ¢ FlerB g+ & me % > NSCC2iE it F & 751§ % > ¢ FEH,0,% &
% p d 3 A (Demidchik & Maathuis, 2007) o gz % 17 8 T % 7% it (abscisic acid,

ABA) #73 Hinfrimre ¢ T3 i s v > 2 £ B H0% 3 4 (Pei et al.,

2000) «
7 - EBWI L H ABA 2L B

ABA R 5 >  BEF I ESF AL Z L0 auiffr ) 4o @3 B T 8RR
F ek CPFR R % F 2 B E ¥ (Zeevaart & Creelman, 1988) o 4t #F » f 8 4~

WX GBPFABAFE LA F > A E RS2 ABEEM > F A LHRET A
5 (Leung & Giraudat, 1998) - 2 & 7 # > Agc %k ~ BT 4 T 58 ™ (Giraudat et
al., 1994; Ingram & Bartels, 1996; Shinozaki & Yamaguchi-Shinozaki, 1996)> ¥ 3 {&
E 2 D4 F (mechanical damage ) (H Pena-Cortés et al., 1995)pF » % f& £ 7]
2.4 WIS I ABA TR F m R T 2 A M AEE Reob|driE e iz F BB T
ABA i3 3V B & U IR IT Y ST R 2ok A $g 4 (Horton, 1971) » #§ 4§
P fm iz 4t-Kk A F 9% % 1+ (permeability ) (Glinka & Reinhold, 1971) » 3 #r 4§ 1~ f%
F 2 EH A Tz § i (Luetal, 2009)% o d 30 5 Bip gk § L NE S
b3 %) > @A T F IR ABA s A ¥ wm e 5 F 2. NADPH oxidase m & 2 %
i 5 % > ig— BT Ca’'-permeable NSCCs » # 4Tag+ B4 » @ HRF 3L M P

(Demidchik & Maathuis, 2007) °



B fedk L 4 LT 2 BT PF 0 ABA £ &7 € R fE o bldodsE XA
PP g EAZFAEIREA  HEBRI DT EEFH A B en T > ABA ¢
§ 4 ®mbrt 2 s (v £ & 37 7] Hoagland "k £ £ 32 » B] ABA 7 £ x &b T %
(Mizrahi & Richmond, 1972) o & fir 4 #4FF » ABA & E{c¥30hz £ 1 2 hip &
FAoh IR e@ iy £ 35 ¢ A 4c (Jaschke etal.,, 1997) » &4 49 0% ABA 243387 £

7 ¢ #% - (Peuke et al., 2002) -

x.
‘\

i L @AY PF ABA 3

l“b

Z Ao TR BB T FL A ABE T
Moo B2 AR - ARBETRIRT CABA ZE € A4 0 £ F 3V H ABA 2
FRAGAREHS > Titden ¥4 ERRT > b 2 ABA T K f It ehd

?&WJY%*”KQﬁiﬂhﬁmN%®°ﬁ%r}$¥f1<uﬁﬁ4%>%—vf ok B i

P OABA PR AR E IINEAF T Y ABAZ B2 A B ER AL L Aiba
+ P2 34 £ ehigie 3 M (Vysotskaya et al., 2008) °

AR RIS i Sl 50gem! 2 2 AW AR EREAE - 4
1L fEz XRAEY AP T L BT ENE AR N LA E RS

£ E2Z AR o A kY S R E R hd ¢ (DeLand, 1984) © hodr - 4F ~ 44

FRAPFAR2MEAF O RRABRIEHLIFEAL R Mg & Aok ~ g
B AEdPpd B2 2 At PETFEd A4 2 3 % (Hasanetal, 2009)

2 RR KL 86gem’ Bt Bt F AFAE o 1 ¥ b4
g



AR A WY RRAH I PP R B E A SRR T RA IR
FAE 3 L 8ppm > TV iy € ¥ ¥4 A2 2 & T (Kabata-Pendias & Pendias, 1984) » &
SHE AN Aperat > BY AMERE T E B Y (Asagbaetal., 2008) 5 (5 i 4

2+ i¥* (biological magnification & bioaccumulation ) > H# & 2 1 %82 45k & %

T R CU I ST

BEREEFEFSF 0 A L RFFF ~RE - H TwA)(Dasetal, 1997)
ARERER B Lendpd 2 F 2w E 1950 £ p oA LERA AT A 7 )?5
(Itai-Itai disease » "% | #hp 3§ % itai) T & o d ¥ F 4 125 THI > T
W R %7 L2 BB RBEIEE Fhe ¥ 40 U@ Rk AT 5 v B4
BEFenfedad 4o RS L A2 g AL 2 PR R B LD
THT AR RS TREG F2RA R FA MR F A
Froom A FEATRE > F X F TR LR | AT S 7 i (Nogawa & Kido,

1993) -
= S R

iﬁ%éiﬁﬂﬁ%ﬁ§%§ﬂ*?%i%ﬁi%°%ﬁ”%€’ﬁgﬁ*
A ORR SRR DU o g SR

by
hod
‘1—
1\4
=
il

KR AT PRSI RS

i# = & T (Seregin, 1998) °

G4 3 P pAc I 2 £ L] IS F TSR E S T
7 (Stiborova et al., 1987; Rascio et al., 1993) » #r4| ®]432; = » ERIIIM4HL ~ f o
B EREIERESRE T F VX 4 (Gunse et al., 1992; Chen & Kao,

1995a; Wojcik & Tukendorf, 1999; Hsu & Kao, 2003¢c; Hsu & Kao, 2003a; Hsu & Kao,

11



2004; Hsu & Kao, 2005; Hsu & Kao, 2007¢; Hsu & Kao, 2007b; Hsu & Kao, 2008) - {&

Padnd £ £ pldrd] o Ed 304E ¢ el F 554 4 (mitosis) ' Mimre BEL S 2 &

=3 % B A < $(Golgi apparatus )> ¥ :x % § pEE i FH(Punz & Sieghardt, 1993) -
Eh T R PR 0 ¢ R4S T 0 M v Y A F (lignin) hE € 0

2 RERR > e 4 £ % D|¥r4](Degenhardt & Gimmler, 2000) °

B R PR LT foEEcTr > RFIHMP > e sk R4 4T
o @ 2% % % v (early aging) (Rascio etal., 1993) o 43t fm¥e © 2 {7 2. (X 3
WAL IR ESE 2 PR o E (Ferrettietal., 1993) » 22 % b ez B Hf
f B E I -9 hE i (Rosetal, 1990) - 1 ¥ 4§ ¢ 3 T ¥ %4 hiz 4 (Rascio et al.,
1993) » Frd|k & i¥% 2= 5 it g F] T Calvin Cycle » /% > NADPH i * > 7 i
A NADP R EX 23 " R A BEhE A ITRLT I AR50 F % 3 4F L

s (Pal et al., 2006) -

A SEEHE S ST 2 3] el R

R L Bg st Bt BAt2 B AF T EY 5 AP
Mg $HEs Ao 4 S - BHRI L E AR AP RL S At i

Hgp e 302§ B A Bed KXok o B4 TS B 4§ 2 5 AR A R
e b 2 §iE Fv o @ iR~ 54 w2 ¢ (Clemens, 2001) o &3S A B 0 45 A2

g MEE S FEF 2ERKE2L 47 E(ohn, 1976; Smith et al., 1985; McKenna et

it

al., 1993)» @ ¢ 4 42 AL R 7 37408 o) & 2 45 ¢ -] & %452 = Jc(Hart et al., 2002) »
PE PG AR w2 BiF Ry A M i mre N0 P e A g B AR
WP N 2 BB AE w e dme P K > & AT 48 45 4% % (Clemens,

2001) -

12



Bt vh s 4R EIE Y ¢ B YE 48 & (Sandalio et al., 2001) ~ F7 4= 47 (Smeets et al.,

2008; Besson-Bard et al., 2009) %2 5 4> & (Gongalves et al., 2009)2_ 4F ~ 4% ~ 4 ~ 4% ~

FIeds T3+ 78 > P AAHRILT » sl BRG0PI € M LR
Yoo T BEE 5 K454 2 (John, 1976) F|pt o 454 WE D §F LB S4 T BT

fdhd B H 8 g 2 sjed @ 4 3 (Hasan etal., 2009) -

dAAES LA B A A ETR > EH NG A B TdR i o F2
FEFREF TRt 5 R A AR SO gHE e sl B A%

dohfETRZ B RN P AR E S AR AP g &J (translocation ) °

LA R 2 g AR - RAEFWE USRS NG R B2 Y
BT € I H A 2 T o T ¢ 'F XK f&(Rubio et al., 1994) ~ ¥
#(Gussarsson et al., 1996) ~ ¥ & {v % i-(Ouariti, 1997) ~ & & (L. E. Hernandez et al.,
1996; Sandalio et al., 2001; Metwally et al., 2005) ~ [# + 9 % (Smeets et al., 2008;
Besson-Bard et al., 2009) ~ 5 4 & (Gongalves et al., 2009)2_4o 3¢5+ 2 ¥ » & £ 4485

BT P ERJEAT 0 B € < hgTE MR B4R ST B F 'E 4R 3 T (John, 1976) -

W2 T P IAE T g BT mre ) 2 4933 #1734 3 membrane-bound
1 7

ATPase z_ & (£ frd |49 3 3+ 2_ 3 Jg(Lindberg & Wingstrand, 1985) - F]t » 47 7 & &

R RJRT g it > RV i £ FliefEpE & 0B 2 (Sandalio et al., 2001) -
1 E B
T4 fw B A7 % i B ta2E-wH Y EPETHL L2 AR

13



F o LG B R L T S g % - Mittler(2006)#% 1 5 £HBR R 2
IER L o g HES S BB T T T ek S - g @ 2RE RUE
PHE -G8k R - FFE8 I BER O VA ERFEL T FIRL
BT n AR BERE TR PR ET B T AT I T F R
FWH B REBT €44 4 UV-B eh5 fs(Walter, 1989) > @ ¥ #6454 » L5 7Y

§# E UV-B 2 s 2 2 F Jiig jZ(Sandermann, 2004) -

T L BIERS A en 3 8% (cross-talk) Foav € BimrE P 72 e 2 FORELIS
g4 o ¥ i A d 27 e # 45 %] & mitogen-activated protein kinase (MAPK )
cascade 2. 72 3 ¥ * (Cardinale et al., 2002; Xiong & Yang, 2003) » # o ci 5t 3
Fg oo 4ot ff s FpRA ML e 3 1E¥ (Anderson etal., 2004) - o 4T3
AE Y F EA ARz o A Byl B enR 31T & 2 (Bowler & Fluhr, 2000; Mittler et
al.,2004) - G2 AT HFR > PR OR FFEX 3 E 235 REE (osmotic stress )
PEo L fFTriiide g £ R hk o A - e TS MBFle 2 AR 0 i S A E
S R LIRS @ B S fe b et B E 38 el (Suzuki et al., 2005) o
FI AR S EHRAF 2T 8 G Y R G BN H S TR e BB i

rﬁi“a’ﬁé_ﬁo

ERAELEER KRR T AR ET LA TS TR R
B o $3AHE P12 454 2 1B ¥ (Hsu & Kao, 2008) = @ -k 4% w304 § (723K,

2008) & 4% Fi(38 4 2, 2008) L HELE AT - Faid M FF LR AP IR P TR

i

PR ERETES2ZF P HR LT o LRSI AR AR ( Y
2P, 2009) 0 Favd dhdF MR EEMEARY MR EBFE S R A R RES TR

SR SR R

14



L EE s MR

AT E S ERRA I RAES T EEEEM B2 (- ) & VR
e BE e 2 = 2 B i 14 (Hou & Kao, 1993; Chen & Kao, 1995¢) ° (=) % i 4
Fralkfe% w182 &£ 2 i7* (Chen & Kao, 1995a; Chen & Kao, 1995b; Chen & Kao,
1995d)-( = )& 44t ko4 T 22 4eap 3 % 4 2 B 1d 14 (Chien & Kao, 2000; Chien et
al., 2002; Hsu & Kao, 2003a) (= ) # 4534 ¥ k47 4 ¥E © § i #5 (Chienetal,
2001; Chien etal., 2002) - (I ) %t e g2 -k fisdf dt < 122 B 1@ % (Hsu & Kao, 2003c;
Hsu & Kao,2005) (= ) # - kfemfdEm <z 3o FE i AR 7 29 28
31 (Hsu & Kao, 2003b)=( = )75 i+ § %2 -k femf £ 142 i i 14 (Kuo & Kao, 2004; Hsu

& Kao, 2007¢)  ( ~ ) — § f* § 245 a4 2 B id 14 (Hsu & Kao, 2004) - (1 ) % &

B

THEEE GRS PRI E 2 B (Hsuetal,2006) - (L) =
it 2 2 B i@ 44 (Hsu & Kao, 2007a) o (+ - ) # ks ad2 & 45 i X 142 B A 7

(Hsu & Kao, 2007b) °

(=) BAET

Gk R RS RAF IR T LR T AW
k% W2 4535 B (Hsu & Kao, 2008) o (= ) # F 22 -k 5% w445 5 2. 3 3 (Hh7e ok,

2008) o (= ) #FREI KA WAL B 2 AT L (G £, 2008) o (2 ) #4E 8 kRt

SR B ¢ 4R B R 2 (% Fer, 2009) o
Lo v WA
A 2o d e k- Mix T g L AH ML mFEHE 2

RAGERE B M R o % - M R FE04F TR v e+ 2 o

15



AiHe £ AA AIG F - I RAER TR E T > YR 4 B
PE SN0 HEHES THAEY TGP P 5 - MR L P &

§oh

% — %. (Oryza sativa L. cv. Taichung Native 1, TN1 ) % = 3R i» i * $fL 2

T

k- Ffe s B~ L = 5 (Tainung 67, TNG67 ) » % -k 2 584432 o

-~ PRk

RO 11 3% X F R AR FE G F 1S A Aais 0 £ p RoRink
PR IABE Z R RERIDIHFNYH G BRETS AL EEr (E/L20 2
)P a37C s Bz B 4 WY 24 3|36 ) B o R 2 Bk KR B
TR A CRER (S VI AT, 1963)2 HEAT P ez g s o HEAT b 1 gE A
¢ R A RIE R SRR KPR RN T 2 P it o i P

B 30C/%B25C ~ 4R AE A T5% 5 90% >~ pREB2Z AL FEREY o &R

HOM) (6 2Bl d - 5 v P INEARIMEFT L EAFE AT N ER

BA - R2PEHRES 7L 5

i
E=c
n
=1
e
~a
iy
i
—
=C
=
o
W
=
b
—d
N
o
'S
31
A
|\

L S5pM 2 CdCL a2 6 % > g4 T eifpthd - P EF PRACE8 R E
T "} & malondialdehyde (MDA ) 2 €2+ 2 &7 o &F 10 # 20 %= &£ % ~ 10

PR IR JOBRIIFNG - A 0 F - R ILEAH T & o

=~ kPR pRY

(=) ¥ k#ERrLpe

16



1L §F-k#r (2% 1) M 7 stockA % 1 mL-stock B;# 1 mL % stock

Cig ImL > % 11— =t o kel » ¥ ¥ pH ERFL 4748 -

ERTR R B RO
A: inlL — 5 stock A -
(500x) (NHy) 2S04 24.1¢g
KNOs3 925¢g
MgSO4 - 7TH,0 675¢g
KH,PO4 124¢g
B: inlL — 5 stockB -
(500x) Fe-citrate 75¢g
Ca(NOs), - 4H,0 43.1¢g
IN HCI 500 mL
C: inlL — £ 4% 10 575 stock C»
(10,000x) H;BO; 1.55¢g
MnSO;, - HO 034¢g
ZnS0y - 7H,0 058 ¢g
CuSOy, - 5SH,O 0.13¢g
H>Mo004 0.08 g

(=) #4o-kpipz

 1Lesbgm- kR (2% 2) M 7 stockA % 1 mL>stock B/ 1 mL % stock

Cig ImL - ¥ - & zhg-kpefl » ¥ % pH EH 53 4748 -

%"Fé' . AR AT R 2 ]ﬁ‘”

A inlL — % stock A o
(500x) (NH4) 2SO4 241 ¢
NaNO; 79 ¢

17



MgSO, - 7TH,0 675¢g
NaH,PO, - 2H,0O 143¢g
B: inlL — 5 stockB -
(500x) Fe-citrate 75¢g
Ca(NOs), - 4H,0O 43.1¢g
IN HCI 500 mL
C: inlL — £ 10 575 stockCe
(10,000x) H;BO; 1.55¢g
MnSO;, - HO 034¢g
ZnSO4 - TH,O 058 ¢g
CuSOq, - 5SH,O 0.13¢g
H,Mo004 0.08 g

I

> CEX e AFLRL T
(=) &z ER=

49 5 £ il %5 4945 Jordan-Meille - Pellerin (2008)2 = i# i3 #& @ 19 o B~ 10
PR CFPER 10 FRE P IRAIIR S E T O5CUH RS X 0 TRECE o £ BH
AT 3 550CH it p? At 4% (FREFEAG S D)o b fr: 3HE £ AY
4e ~ 100 puL J& NHO; 2 100 uL 35% H,0,°>% 70°C ## 4 4c 1 2 NHO; 2 H,0, % iz ©
dvox 2mL ehz X FAgOR 0 1 RS sk 3 iR (Z-2000 Series Atomic Absorption
Spectrophotometer » Shimadzu AA680, Japan ) iR €47 7 £ - & Skl 5 0~2 ppm (pg
mL"') K (12 1000 ppm 2. K % % fe % )o 49 5 £ 2 2+ ¥ % 12 Reading & (ppm »
pemL! ) x B AE (28) « BEICE (@) dng B2 h Ak 55 LicE s

49 2_ milligram # (mg g’ DW) -

18



45 7 ¥ ipl T E 4% * Fuhrer(1982)2 = j B #cm 17 o B~ 10 o + FRA IR §
WOSTHfalicd 2 » TRl E o FRMPET AR S50CH R &it 43 (4
B R A 4 )ei frE FiR (S £ A B4 ~ 100 uL Jk NHO; 2 100 pL 35% H,0; °
W TOCHF 4o 3 NHOs 2 HyOy F 52  4r » 2mL eh= = Fdg-k o R 5 sofok
3 % (Z-2000 Series Atomic Absorption Spectrophotometer » Shimadzu AA680, Japan )
RIS £ o0 RFEF S 0~2ppm (pgml™) Cd (2 1000 ppm 2 CACl #-3# % fi
B)o4p5 B2 35 42 reading & (ppm > pgmL™! ) x e (28) - e

it (g)o4i3 B2 4omid 57 i€ 975 482 pgram #c (pgg' DW) -

=

; 4 1345 Wintermans and Mots (1965) i3 :zm FoB 10 # % = * ¥ >

ki
s
e
Ny

FeB~# £ {5 > 12 2 mL sodium phosphate buffer (50 mM » pH 6.8 ) #4157 i = 32
FoP~40 pL 5P~ 1.5 mL #s g o & e » 960 pl ~ 1009572 fg » R £393 >
WACRHTHE 3040 £204CT 12 1000 g (Hro 4555 Sigma > 2K-154]) 4
s 15 A48 0 B iR Ak kR3S (355 Hitachi U-2800 spectrophotometer ) 7R] 2
665 nm (Ages) 22 649 nm (Apgo) £ 2B KB o 6 FE 5% 11 95%2 ¢ fiFB~ 1+ i
o % EER S[ugChl (40puL) ) Jix 258 (6.1 X Ages) + (20.04 x Aggo) 3+
Ba ked AL *E_(mgg FW):ZE %2 ER XSO(ﬁrﬁlfﬁi )+ 1000

+ R (g)-e

(2) 9 Tz RRZT

v F 7 £ #1395 Bradford(1976)2 = ;2 iz exm (7 - B~ 10 ¥ 5 = ¥ E » f2B B

£ ¢ » 1 2 mL sodium phosphate buffer (50 mM > pH 6.8 ) #4157 = 355 o % 4
19



CTT™ 117600 g s 20 4 4o < (53 B~ 20 uL 2. F i 4 » 5 mL 2 dye solution
REFRAHBIE > FENI0 4 HFALEREFPIT595m it £ 2w ki

(A595) °

r 24 g i #-9 (bovine serum albumin ; BSA) (5 pg ~ 10 pg ~ 20 ug ~ 40 ug ~ 60
ng ~ 80 g ~ 100 ug) > & ke ) B8 IEARIE o > @ & i 0.01 pglem! o ¥
B0 Bz & A0 E @ £ (fresh weight ' FW) 2 7 73 39 B2 £ sudicd 1
FELELL D T FE (mgg' FW) % Asos+0.01 (i} % adc) + 1000+ # &

wE (g)eo

Dye solution 2 fiz ¥ = j# & ##2~ 100 mg commassie brilliant blue G-250 > 4 » 50
mL ¢ fig (95% » v/v) ¥ 4 » B 3F S FAEORIEIEET = 231318 0 £ 4c» 100 mL
phosphoric acid (85% > v/v)» #Ri6 1= X A KTE I 1L #3RERHS &
2 Whatman NO.1 jg g > 717 Jgi% ™ 5 Dye solution o % *t 464 5g@ > 33t 4

Crkfa g™ o
() " fi@s ie™ Rl

—

MDA E.d »timre Wb g TR lE§ %enip e A4

5

» H 7R e A
MR R B B e g A RhihY 2335 Y 0 10 MDA § M AR 1T Ly
Fi8F i A2R hfp ik - MDA 7 2 ] 2 » #1395 Heath £ Packer(1968)2. = i# i3 %

MR e P20 8 % - P E > BB E (S > 12 4 mL trichloroacetic acid (TCA) (5% >

W

WIV) HeH BT B B BT 2 10000 g s 5 A4 B I mL 2 b iR
» 38 E 0 £ 4 » 4 mL thiobarbituric acid (TBA) (0.5% > w/v > % %+ TCA[20% * w/V]

PR EEI R EINOSTHR RS 30 M4 RUEAFERFFRE kY SRR o

20



NS AP E R A F e o REIRT 2000 #1024 0 B

el kR R 2R 2 532 nm (Aszp )~ 600 nm (Age) A E 2R EE o 70 R A
2 1mL 2. TCA (5% wiv) S35 B % c MDA % #2325 % (Aszn—Agoo) = 155
(if % %> mMTem™) x5 (Hfk > mL) x4 (FF & #) x 1000 (nmol/pmol ) +
W E (g)°o MDA 2 B2 47/ 5% su# € %73 MDA 2. nmol #& (nmolg'1

FW) -
() BFraz L2 Frod

WwF 3 7 2R e 4945 Jana & Choudhuri(1981)2. & ;2 i3z 7 - B~ 10 #

4

4

O ES 10 B E (S 0 12 3mL (F A3 11 mL A E ) sodium
phosphate buffer (50 mM > pH 6.8 > f* 3 1 mM hydroxylamine ) #4357 B = B
FE B3t 4C T 2 6000 g 3 25 A48 o B~ 2mL 2 F #i% 4 ~ | mL titanium
chloride ( TiCl4[0.1% > v/v]i% ** HaS04[20% > v/V] ) B R £323 > 38T 12 1000
AR 15 A48 o B b i A R RRI T A410nm A £ 2 X K TE (Agp)e 7 ¥ 3#
% % 2 2mL 2z sodium phosphate buffer X F X Bk -iFF 4 7 £2 35 52410
nm 2% % & +0.28 (5 % k> pmol'em™) x 1.5 (HfE R B 1338 x 4) ~ #&
GHE (g)oBF td s R2 A2 F LT EF & 2 pmol i (pmol g

FW) o
(=) ABA 7 £z

ABA 2 Enzyme-linked immunosorbent assay ( ELISA ) £2 Rabl6A % F]# =

ER YA

1 ELISA 4 17 ABA # £ %.194% Hurng % 4 (1994)2 = i 2 7t % o Bk e ¥
21



SRERL R 6mL Y E80% (V) § 2%k ki A R0 M
REFENEBACT IO 24 (F 52— i) 33T 22000 g e 10 A 48
6> B~ 1mL 2 F Fi% & 7 32% (SpeedVac Concentrator » Savant - SC110) » % 2 §¢
B 504 0.5mL ¥ (100%) w73 » £ 4 ~ 0.5 mL NH;H,PO, (0.2 M, pH 6.8) »
PHRARAE - 4CHE 10 445> %4 4/ » PVPcolumn (12 waters 2
Vacuum manifold 44 § ) £ 12 6 mL 7z 4 K inie g 41 figir (6 4 » 100 uL 7k pE

e ¥ @E% 7.0 mL e

#-g i~ Cig column ( Sep-Pak® Vac C18 cartridge » Waters ) » F & 12 waters

2_ Vacuum manifold # # (7 & 7 423 1.5 mL min° 1Ysde x 4mL FeR(T i%(20% >
VIV~ REEEE (2% 0 viv) Timie g ts 0 JaiRE P o HREATL N dmL FPoR[7 R
(55% > viv)~ rkBEpk (2% 0 viv) e d - de g8 7R 280k (7433 4

CRB™ -GpAf72d)

12 200 uL TBS buffer %3 © §2% 2. # & ° B 100 pL ABA &% & & 5-4c »
anti-ABA coated plate 2_ & ~ #, ¥ (Phytodetek® ABA Kit > Agdia Biofords) » **#
— & A 4c » 100 pL tracer solution > ¥ AR 4{s » 3 4 CRHT#HE 3 /] PF o i
R A P 2 %48 0 12 200 uL wash solution ik R A3 = = o 010 A48 0 & -
A 4c » 200 pL reaction buffer i » * %|*x » ELISA microplate reader ( ELX808
Ultra Microplate Readers > BioTek Instruments) © » = 7 4 453 P~ £ 405 nm 2_*%
kB (Ags) FHREE ABA B MR R 20 AgosiE 1.2 121 i80b o 2 fE3EH e § -

243

R R EREZ ABAR R » ik 2@ Bk £ 405 nm (Ages) 2 7%
kiEisd % EF 4~ F (Binding%) > ¢ ABA k& £ Binding % 2= = % ¥ 4 o

22



Bmm T d L 405nm (Ags) 2 5k & 153 5 & Binding % 0 £ d &0 R {58
ABA 7 # - Binding% % T 5|23\ 5 5 @ ¥ : Binding% = [ ({&# ABA /3% &
# 52 Ags— 1000 pmol mL™" ABA 2. Ays) + (% § ABA 2 Aggs— 1000 pmol mL™
ABA 2 Ags)] % 100% binding - & 3 @ & 2. ABA 7 £ (pmol g’ FW) % Binding %

# 52 ABA 2 & (pmol) ~ H&5#E (g)-°

% # 3.ABA % ¥ p| 7.2 ELISA F Jui##|pe ks = 2

A LA pey - ik

TBS buffer 1000 mL 7% 7% ¢ 7 3 3.03 g ¢ trizma base » 5.84 g <
NaCl » 0.2 g 59 MgCl,*6 H20 > 0.02 g 7 NaN;3 » pH 7.5 ©

Tracer solution iz * Phytodetek® ABA Kit #7*¢ » 1 ¥g tracer £ 4r 1 mL Z

Aok 5 A 48 {8 & FY tracer £ 4¢ 4 mL tracer diluent (kit #7*4)
% * > b solution J&# fiz o

Wash solution ¢ * Phytodetek® ABA Kit #7*%fc # e 5 1000 mL /3 /% ¥
z 7 8g i NaCl - 1.15 g ¢ Sodium phosphate ( dibasic »

anhydrous ) » 0.2 g &7 Potassium phosphate ( monobasic °
anhydrous)> 0.2 g 17 KCl> 0.5 g 73 Tween-20°0.2 g 53 NaN3 >
pH7.4 -

Reaction buffer i * Phytodetek® ABA Kit #7*¢ : — %f PNP ( p-nitrophenyl
phosphate disodium salt ) substrate tablet (5 mg PNP/tablet)
7% 5 mL substrate diluent » # fiz > Z 1000 mL /3% ¢ 7 7
0.1 g e MgCl, > 97 g =11 diethanolamine > 0.2 g 73 NaNj3 » pH
9.8 °

Rab16A A F]4 3.2 1k B

KFEE P RNAZ pB@r o jrah L 1 G0 ¥R kPRt = Tk
few o B~40 B % - FE S 0 4r » 1.4 mL TRIzol® Reagent ( Cat. No. 15596-018 >
Invitrogen) 5B~ 5 4 4b o 3+ 4°C 2 13,220g &g~ 10 4 48 > P~ F i 4e » 0.2 mL
chloroform » iR £ 353 {54 % 5 A4 o BF 1 4°C » 13,220g s 15 A 45 > By }

Fif * 4e » 0.5 mL isopropanol > iR £ 323 > 3-20C# % 1/ pFe £ 1 47C > 13,220g
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g 15048 2 % Gk o A T5% 5 100% 2 JFRE iR AR 0 B Sh §

P~ 60 uL 3§ diethylpyrocarbonate ( DEPC) &% ifs 2. 7 45 K %4 RNA » % & & {8 %
% %°-80°C ° RNA # &% DNase I aJ2 45 % genomic DNA 7 » P~ 5 ug & DNase I
Fed2 i 2. RNA £ (7 F 4% & %% @48 & Ji (reverse transcriptase-polymerase chain
reaction » RT-PCR » SuperScript'™ III First-Strand Synthesis System for RT-PCR >
Invitrogen ) o 14 -k & OsUbiquitin 8 7] 1 5 454 % o #73tend B A F51 5 B 7 (&

PCR F if i+ 4 4 o

% # 4. RT-PCR £ %131+ & 7|

Gene TIGR Locus Name| Primer Sequence (5’-3") Products
(bp)

OsUbiquitin [LOC_0s03g13170.1| Ubiquitin-5' | CGCAAGTACAACCAGGACAA | 101

Ubiquitin-3' | TGGTTGCTGTGACCACACTT

OsRab16A [LOC Os11g26790.1] Rabl6A-5" | CGACACACCACCACACCATG | 294

Rab16A-3’ | TGTGTACATATGCACGATGA

(~) AsA¥® DHA ¢z &Rz

AsA 7 8 24945 Law(1983)i3 e B~ 10 # % = F E P @E L &> 2 I mL
trichloroacetic acid [TCA (5% > w/v) ]r/kig & B = 32 o #3577 3 15000 g

20 & 48 0 B~ b i 0 & s 7 ASC+DHA 4 4578 ASC 4 45 4 17 o

1. AsA+DHA 3 & » 17

B~ 200 uL t i > 4v » 200 pL sodium phosphate buffer (150 mM > pH 7.4)
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B TR E3E3 5 4~ 100 uL DTT (dithiothreitol » 10 mM) > 8 T # % 15 4 45 »

ok

£ v » 100pL N-ethylmaleimide [0.5 % (w/v)] o 4 » 400 uL TCA [10 % (w/v)]% 400
uL phosphoric acid 44 % > & F 53 > £ 4 » 400 pL 2, 2°-bipyridyl [4 % (W/v > 7% 3%
70% ¢ f%) » FiF3=3 > 4 r 200 uL FeCl3[3 % (w/v)] > * 37 C > Kig#H% 1)
FroBots & 2 10000 g 3fs 5 A 4o 12 A sk sk B 2R 7525 nm ok £ 2k B(Asps) o
Z 9 @R@%E1200uL 2. TCA[ (5% > wiv) [R5 P~% - AsSA+DHA 3 #2348
202525 nm Zovx sk iE +8.092 (G sk ko umol'lcm'l) x5 (ﬁﬁi )~ R
¥ (g)°ASC+DHA 7 £2 %7 57 s & 7 5 AsA+DHA 2 pmol #(pmol g’

2. AsA 5B AH

B~ 200 pL i » e » 200 pL sodium phosphate buffer (150 mM » pH 7.4) >
TR TRESEG 4 x 100pL = K FAK CFETEE IS 240 4o~ 100l =
=X zfﬁ Koo fs. %“%5 ﬁf’”’t’ ASA+DHA 21740 °ASC + 2 ’F“L_Er Z 1 525 nm

z kg +8.092 (if % fhdic > pmol'em™) x5 (B #) + HEHEL (g) AsA

SR 4T A E LEE TS AsA 2 pmol B (umol g' FW) o

3. DHA 5 & A4

DHA 7 & (umolg FW) = (AsA+DHA 2% ) — AsA 3 &

(14 ) GSH 22 GSSG 3 &Rl 2

GSH 7 # %1945 Smith (1985) B cam 7« B 10 ¥ % = ¥ & » =@ & (5 » 1
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1 mL sulfosalicylic acid [SSA (5% > w/v) ] # == 32 o #-3 B~ »r 15,000 g 3

10 4 48 > B~ b ik o A Wit (7 GSH+GSSG 4 152 GSSG 4 74 17 «

1. GSH+GSSG 7 & # 17

P25 L bopiid 0 8x12 i fk & 4§ 2 microplate » 14 8 N E FficE A TR

(finnpipette » 30-300 pL > Thermo ) 4 » 175 pL sodium phosphate [143 mM > pH 7.5 >
# 6.3mMEDTA 2 0.3mMNADPH] > £ ™ 8 £ #fie® A 2w ¢ (finnpipette >
5-50 pL > Labsystems )4t » 20 pL 5,5’-Dithiobis( 2-nitrobenzoic acid )[DTNB:>6 mM >
%% 0.1M>pH7.2> 7 0.1 mM EDTA = sodium phosphate buffer ¥ 1> £ 4c » 20 puL
GR (25unitmL™ > &% % 168 units / mg protein > 12 143 mM » pH 7.5 2_ sodium
phosphate buffer 7% ) > * ¥ microplate *t » ELISA microplate reader ( ELX808
Ultra Microplate Readers > BioTek Instruments ) | 2600 ) p 4 & % 412 nm 2_ ¥ %
B (Aqp) i o W 52 10 uL GSH 4o A ke @l - £ 480 4k o)
GSH+GSSG 2.7 il # £ - GSH+GSSG ¢ £ 238 5 7Rl ¢ £ x40 (F#1 5 #)
+1000+ k&# & (g)°  GSH+GSSG 7z £ 2 4 7i% 5% i # & #7172 GSH+GSSG

Z2_ nmol # (nmol g'l FW) -

2. GSSG § £ 4+

P~ 200 uL * i » 4e» 4 pl 2-vinylpyridine > R 323 » W FR I BT F K-
‘] pF o £ 4c » 6 pL triethanolamine (Tea » 30mM ) » Bif353 » 3R 2 H T F &
154 48> F 115,000 g & 54 40P~ 25 pL b i i » 812 i & » H) 2 microplate-
16 9% M358 GSH+GSSG 7 £ R TP P o 1R 28 W 12 10 uL GSSG 4 4 ke @l
ForfRd WY D GSSGLFRIFE -GSSG R E S FRIZE x40 (FF
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Bifc) ~1000+ #58E (g)°GSSG 3 #2 & 7% 2 & o715 GSSG 2

nmol # (nmol g' FW) «

3. GSH § £ 414

GSH # £ (nmolg' FW) = (GSH+GSSG # ) — GSH § #

T~ BRAEEAT

(- ) SOD & i 45

SOD 2_ 4 B~ g2 i 4 & 45 A 4245 Paoletti & 4 (1986)2 * ;= i3 :xm F o B~ 10 %
% = ¥ % > 1 3 mL sodium phosphate buffer (50 mM - pH 7.4)7ki5 #7 B = 325 > 5B~
R AC - 15000g s 30 2480 THEZ PR T LR Bk o P~ 02 mL iEE
EP~j% 0 ik B 4e ~ 1.6 mL triethanolamine- diethanolamine (Tea-Dea buffer> 100 mM >
pH 7.4) > 0.08 mL NADH (7.5 Mm »  #7# iz 1) > 0.05 mL EDTA/MnCl, (100 mM/50
mM, pH 7.0) > ™ % 1 mL 2-mercaptoethanol (10 mM » fz#> & Jig) » »t1t & g p iR &
g ts s 2Tk BEIR T 10 A48 A E A 340 nm (AAsgy) 2 vk B
Lozt d g 'F"LET?; s (T 0 4 5 %R 5Pk 2 AAsg 202 0.2 mL sodium

phosphate buffer (50 mM > pH 7.4) & 5 + Fi% - & - H =pk & =4 (Unit) 25 248

4

SOD #r#] 50 % NADH 2§ i & - SOD ;=4 (units g FW) 5[ (# § x4 55

RATE I 2 AIA340> - (3 ﬁf :TB"/{‘Q ”"‘i‘%ﬁgf'J—iAAmo) ] 1/2 (7 F3 ﬁ%ﬁ :’;‘B’»,]’,% B

B 32 AAsa0) x 15 (% di) 10 (& 48) ~FW (g) °

(=) APX EHA 4
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APX 23 P~ 22 /& 1 & 47 H 1395 Nakano £ Asada 2. = ;2 (1981)i2 i@ 17 o B~ 10
% - ¥ % > 11 4 mL Sodium phosphate buffer (50 mM, pH 6.8)7ki% 77 B = 325 » 5
B st 4°C 0 12,000 g B 20 A4 0 ST 20 b iR T A g R Bk o B 0.1 mL A
% Z P~k > & B 4 » 1 mL potassium phosphate buffer (150 mM > pH 7.0) > 1 mL AsA
(1.5mM » % #7## e %) > 0.4 mL EDTA (0.75mM) > 2 %2 0.5 mL H,0, (6 mM > % 37
g ) A g ? MR LSS s kR Rl A4 AR A 290nm
(AAp) 2B kBRI & o U EA RO P Z4 K8 FFiTa 20 o & -
a3t (Unit) 55 2485042 1 umol AsA % 77 o APX 7& 1 (units g’ FW)
5 AAo+2.8 (i %l mMlem™) x 3 (F Ak ) x40 (Ff B #k) + 1 (& 4)

“FW (g)
(=) GREMHA

GR 246 B~ 22 5 4 2 47 £ 4395 Foster £ Hess (1980)2. = ;2 i3 :xm {F o B~ 10 %

% = £ % > 1 4 mL Sodium phosphate buffer (50 mM, pH 6.8)7k i # & = $2 5 » 3 B~
4T 12,000 g Hrew 20 Ak TR PR T AEEA R o P02 mL f
P& 0 & B4~ 1 mL Tris-HCI buffer (150 mM, pH 7.5) » 0.3 mLMgCl, (30 mM) -
0.5mL GSSG 3 mM » #7# pe#l) > 2 2 1 mLNADPH (0.45 mM » § #7# pe @) » »*
L ERREDIE 2T AR R RFRIT ] AP R E B 340 nm (AAsy) 2
SR EDRL R o A RSP EE R ITLEY BB - HiEER AR

(Unit) 115 2 4 AAs % £ % % 7 o GRZ % (units g FW) 3 AAsax 20 (Ff

Bid) ~1(~4)-FW(g) -
(2 ) CAT i 45

CAT 2 3 B~ 82 75 144 45§42 Kato £ Shimizu(1987)2 = % % #cm o8- 10 %
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% - £ % > 12 4 mL Sodium phosphate buffer (50 mM, pH 6.8)7k i 7 B = 32 F » 5B~
34T 12,000 g s 20 A48 TR PR T AR E PR 0 P~ 02 mL AR
F P~j% o & B 4e » 2.7 mL sodium phosphate buffer (100 mM, pH 7.0):2 2 0.1 mL H,0,
(1M gar#pfl) >0 d ERREIDY L 2T A LR IR Adp ik

£ 7 240 nm (AAg) 2 ¥k B it & o 1 EA K S P L E RSP TR 3
v o - B mpEE S (Unit) 5 & 4 450 4 1 nmol HyO, % 77 » CAT & 1+ (units
g FW) 3 AAyo+40 (i % i mMTem™) x 3 (F etfff) x 20 (418 & %) +

(% 4) <FW (g) -

I~ EREMNRE

HRBEH Rk o ¢ CdACL, ~ tungstate 2 imidazole (IMD) ¥512 = =t Z 4 -k fie

fmf
=
EXY
-
o

*# ABA £ 1 #icif 1| N NaOH i f215 > 2 = = F45-k .8 » £ 1 HCI

AKRrpH I 550

R &/ AR

Aih & - BRIt v BEAF RS 5 2 T 40 b 58 £ (standard error)
F 9% o B3t A 473 2 H 3R * statistic analysis system (SAS) #ic %8 9.1 5%<:i& {7 Student’s
t- test & least significant difference (LSD) 445 (P<0.05) W' fix & d2 fFF T 350

223
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N2 S LM O o R

2
2
2

(=) # L RS T 2 H L2 EEP L2 R

2R R PR KR Y BE R RS R 0 f 5 FEY 2R
w R (M2)e ~1 E

PR P INER
ke s B AT (B 3A,B,C)e

4

(=) #4AIBs-kies s H0, 8 B2 4f 2 B

N

BB iR R TR IR T AT g F R R IRE kS R
PEFRINH0, 7 £

s Ilﬁi’mi it <‘{,b7 ;‘%IL oﬁi’i!fmglg‘::‘" J\jf/L _‘5,.%::
B2 432 H)O,

I’a’;

Iy

ZEHA(BAA B)o#4nm & P REH 4o g MR

5A) APX (B 5B) ' GR (I 5C) £ CAT (FI5D) 2.7 » w7 &
# AsA 7 2(® 5E)% DHA/AsA 2+ &( § 5F )22 GSH # £( ® 5G)* GSSG/GSH
2 g (W5H)-

SOD( ¥

Tl

(=) *h4c IMD $axdo ke g ¥ HO, 3 £2 #f P BRF L2

AR R 49 IR AT IR AR W HoOr 2 7 B A F 5 B
2 A TS D HOr i iy 0 Fak 49 i
gl i oA >E® 3t EJI2 3 -] pF NADPH oxidase /&

4 2 Jor
F CEEE AN BEFIM 3 2 IMD AJZ A

i W 2
NADPH oxidase » & ¥ #§ f* 5% /%2

+1& > IMD > & 47 HyO,

FEZ
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Control -K

KGR F T A WA L34 (WK) & 7 449 (3R > Control) A + = -k #

w 2.
RIFZERE Ww\“<ﬁ@°
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2
—_ B
> |
D
\n *
o1
2 |
¢
0
sl C
4-
2F
*
0 [
Control -K
& 3. %w< K) #-kfe% %:?ﬁ“(A)
LS S A *wwpwi
e 7 48 X o 02 Student’s t- test sttt A 47 2 jE iR
£ 3 (P<0.05) -
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woF A

30 F *

15F

HpO5 (umol g™ FW)
o3}
*

05F

Control -K

s (FK) $Pkfesa s PER (A) 282 T (B) 0, 2 B2 B8 -
~ TEFR2BRRLEFAG ORI F - gL E RS 40 LF SUEL T RE
¥4 o 12 Student’st-test L3t A7 2B TR FLRH AT EFLEPL
0.05) o

b\\
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—~ /‘\6-
= 40 E T
LL A * 55.
< : ~
6)30 N o> 4F
P it
— o L
= 20 E3
2 22}
(@] n
n <
—~ aF
Z |B * sp F :
— 30p %
> : 5 °
= 20p ~
E e
vlo- < |
é 2
<
~—~ | T “'
= e * e
Flc T " 80 |
(@)] J—
o AF gao-
= S}t
- 2P
o %20t
O] O
Zo0f
= * 5F [
L0 o
61.5- I (04-
@ © st
=} 0n 2F
|_O.5' ol.
<
$)
0.0 0
Control -K Control -K

B 5 449 (-K)$-kfesw s 2 E ¥ g 5% SOD(A) APX (B)*GR (C) ~
CAT (D)% 14 % ¥ i+ ASA(E)~DHA/AsA(F)-GSH(G)~GSSG/GSH(H)£ GSSG(F)
FEREZFE - NF N EFRIERBRFAR T F - gL E RS 40 LE MR
o I L o *1 Student’st-test A3 AT Z TR FEBIHR AT HEF L

£ (P<0.05)
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HOE T a0 ke FES 0§ RPR A (RBA) 12 ¥

' 1S4 49 4% 4eF - 54 SOD (W1 6B) APX (] 6C) ' GR (B 6D) * CAT

=
oo

AL (W BE) 242 - Sl % 07 e S Bk fB % T H0y § B2 B AT
%1875 I NADPH oxidase 2 /&% > T ¥ 4o i Fimg MR 2 27 0 G

‘:} H202 E"i‘;’%ﬁ o
(z) #4ASEHkfes 5 E Y ABA § B2 B

ABA Z #5875 o ™ RT-PCR & Bl$ ABA 5t 2 OsRab16A A %] » %
SF A EIL 2 ke w0 B ¥ 2 P E 8 2 OsRabl6A A F1& B P A H 4 (W
TA)> X ELISA Pl 2 ¢ % " M2 [fe% v  H5 - P EF 2 ABAZ EP K

B 4c (B7B)-

(I ) 4 tungstate $142 49k 462 5 5 # ABA ~ H0, 5 £ % 2§ A a2
o

KRR A RIE AT ROK RS E Y H0, 5 B A f AR A R E
BHBEE Y ABAZ AT M FRbAats ks ed L2 s ErEx
B o gpehad® 1 X & 2 X ABA 2. & = #r4#| tungstate > A 7% = # £ ¥ ABA %
HyO, 7 £ 2rdng V222 /50 o 258 > | X 2 tungstate AJ2 i &g % % 1<
et kfEY T ERY ABA 2 % (M B8A B) @ 2 % 2 tungstate &2
R EFE M EH)0, 2 E (B9A) 2 4 it fx2 SOD (W 9B) > APX (H
9C) > GR (R 9D) 2 CAT &4t (B 9E) 2 &= o B B % A1 o #4921 i
Fokfe e HO, 3 B2 A&y MR R > Va5 ABA R AT
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B 6. ¢+ IMD A gtad g (-K)-kfes s % = # ¥ # 42§ i 5% SOD (A)~ APX
(B) ~ GR (C) ~ CAT (D)i& 122 B2 58 o (544 49 @ 2 24 3 4 FzEZ2ERE
EA:l Z % T

4 E 3 >

7201 mMIMD &J2 6 /| PFRE B (7975 Bl o & - a2 E f#ics 40 L8 MEEL T
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A OsRabl6A

OsUbiquitin

N
L)

OsRab16A

— %

w
L)

N
L)

[y
L)
b

Relative amounts of RNA
(OsRab16A / OsUbiquitin )

o

Control -K

1200

=
o
o
o
L]

800 P

600 p

400

200 p

ABA (pmol g-1 Fw)

Control -K

Bl 7449 (-K)$kfes s 9= 2 E P wmiEp s €2 75 OsRabl6A A 714 1(A)
¢ ELISA iz (B)R| €% 3 fk 3 SR 2 BB SREATT R F -

5 oz v
BE RS 4o 2P MIEATHREWHL o 1S
1R S °**‘T"’)§§;%"

tudent’s t- test St Ao 47> 2B (TR F
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A OsRabl6A

OsUbiquitin

| OsRab16A

e T

ok

© 0o o O o r kB ¥
o M D o ® o N M

Relative amounts of RNA
(OsRab16A / OsUbiquitin )

Control -K

800

600 | T

400 f *

200 F

ABA (pmol g-1 Fw)

0

Tungstate - +
(1 mM, 1 d)

B 8. ¢t 4r tungstate ke d2T¥F44 49 (-K) kfe% v - PEPREBR I EZHE -

OsRab16A # ¥4 3(A)¥ ELISA ;2 (B)ip| e %t iz £ o ﬁi&#ﬁw@i %y 4

FZE2ER 2 1 mMtungstate &2 1 X £ B F47F BT F - L E

4o % MEEL T HEEES L o 12 Student’s t- test SLit A 47 > E B TR F MRS o *
74 ¥ LB (P<0.05) -
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30-A
25F *

-1

H202 (umol g 7)
[
(%2}

Tungstate _ +
(1 mM, 2 d)
35 10
S 30t * = T
| ’.' T
D ()] 3
o 2T s °
S 15 s 4}
< 10p ~
[a] o
8 5k o 2
30 1.8
— 25 —~16F
z * z 14} *
< 20} < 12F T
(2] (2]
o w 10}
2 15 =
c S 08 F
3 10 b — 06 F
'_
E sl <« 04 F
< O o2}
0 0.0
Tungstate - + - +
(1mM,2d)

B 9. ¢4 tungstate ed2 ¥F45 49 (-K) kfE% v %= FE 7 H,0, 7 £(A)% i 1
f%% SOD (B) » APX (C) » GR(D) ~ CAT (E) &2 B4 o Hassn gz # 4 4 &
IFZFEX2EMRE 0 ImMtungstate AR 2 X R TG R R F - IR E R
B i dod-® MEEE T B8 L o* 12 Student’s t- test o3t A 47 > JE 8 (7R F P15k
474 MFLEP<0.05)
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(%) s49gb ke v i SEAsL2
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sl

i (H10A) £ MDA % £2 %4 (H 10B)-
(=) #4RILH-KfB% 5 2 T

T eI RAES v AL SO B A AT 2 R A%
FAERIS VY ELRIERLEOBISAR S S UM & V42 1 Aok
2E6R (0 AT kAR FINfer T2 L7 F c SR F R L REY T LT E
FdZ o B bR 4L 2 BB HEBEYY (BL1A) L e T2 47 F @
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Control -K

A |
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|
cdcl, - + - +
(5 uM,6d)
E 120 — Control
B o 100 —K
! a
2’80- T b
e 60F _C <
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< 40
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cdcl, - - f
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W 10. 4447 (-K) 2§ 4400 ke v i (A) 2% - 2 ¥ ¥ MDA 5 #
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(B) 2 B« FHEAROATLL ¥y LI NP EY 22 BRE  B1 G 8
5 Ed 7

T
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SRR g TS LWk S W ER T

(- ) AT k2% 5 TNL 2 TNG67 *j~ £% % 2 MDA § £2 B

BERT R RS SRR AL 7 A B RAESAE 0 £ ¢ TND 3 $H455C

B2 5 fE > TNGO7 & 457 ARl 2 off o FRfe¥ v 2 L1 5= P EP =R 2 B

B  BLIF8275uME 452 KPR 2 £ 6318 BLBRRFES T R &
FHE-PES2ESA MDA § £ o SR HFM 6 2 AL i 3 TNI -k fis
FE-FEYEC (MI2A) E% 3 5 BT % (H12C) MDA 5 B3 %
A (I 12E) » fe 45 TNGOT -k f6 5 b ok SAEATL 2 B4 5 > 3 2 % -
PEF2ZER (RMI12B) E% %7€ (M12D)0 2 MDA 7 £ (H 12E) - &

R BEAR o B R EET > TNG6T 5 wéf2 kfesmfb o

(=) AIE-kfe% 5 TNL 2 TNG67 2. 45 5 £ chB

# 4R TN &2 TNGOT7 -k % v ¥t 2 % (2end &> 8% L FI$as ez 42
BRAkd FER FREHTAEIFZFEFZ2ERE BI178275uM 2
AR RBR AR 6 R (L AFTRARS T E PN e T4 R o BEF R

TNI % 3 F 302 457 £95 TNG6T 25 &5 (F13A,C)s ¥ T2 55 £9 5

-n\y

TNG67 2.7 % (B 13B,D) - izt % % & > TNI #7% |2 454 T #& TNG67 7 P

B Vo AT A TNL KA w o R fh 245 7 B4 F #7ik o

(2) 4FASEH-kfe® s TNL 2 TNG67 2 47 § § chfs

S A Er 2 A B A2 - 0 4R TN & TNG67 -k §&% v #1452 it
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=
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2

D) # MDA & (EF) 2 B« 4 u5d 15z vEV 22 R
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¢ B IS 2 £ & (¥ * > (Bednarz & Oosterhuis, 1999a; Zhao et al., 2001; Weng

etal,,2007) > d ** - F P RE T L P|Prf] BT F L EF LT
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R KRR B e R T o R S E £ R S F R € % 273 (Weng
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% LS S F 1 1 3 (Mittler, 2002) ¢ fe %t 47 i 5

ey
e

—u

B EE *%iqi'%\l??/?‘“f'fﬁi??f%&ﬂ*‘li"f‘lki*@’3‘@5 SDERNE TR A
g5 Twmred 2 DNA~F & Fd 8 < &30 m g F 135 (Mittler, 2002; Apel

& Hirt, 2004) -

WA AL HFR FF RGBT e 2 AFEEEY > 77 L GE
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APHF P ABA Z £ 2 A7 ¢ BEIES T 52 4 12 (R g T (Mizrahi &
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(Luetal.,2009) » ABA 35 ¢ F ¥ 5 %2755 o ¥ 7 ABA i Hin i § %27
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T F i d M JaF L 5% SOD APX > GR %2 CAT 2 & {45 4. (B 5A,B,C,D) >
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